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Abstract 
Increasing application of HPC commit to analysis its concreting process - the article raises the issue of impact of delays during 
concreting of reinforced high-performance concrete beams. It is difficult to cast the whole structure monolithically if the concrete 
elements are large size; there are some limitations to the availability of formwork, concrete workers or supply of the fresh concrete. 
In such cases, it becomes necessary to perform structure elements in two or more stages, which leads to formation joints - plane of 
weakness or discontinuity formed when a batch of concrete hardens before the next batch is placed.  Correctly located and properly 
executed construction joints provide limits for successive concrete placements, without adversely affecting on structure. There is 
many available guidance as to the location and performance of joints in case of ordinary concretes – some special requirements for 
HPC have not been found. The main purpose of the research was detailed analysis of the Ultimate Limit State as well as 
Serviceability Limit State (deflection and cracks) on full-size HPC beams, with different positioning of joints. Both the network of 
cracks as well as deflection, shaped differently for beams made of HPC in relation to pattern made of ordinary concrete. The 
obtained results allowed to determine best technology of shaping joints in the beam elements made of HPC, providing obtain an 
element comparable to the beams which was cast the whole. 
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1. Introduction 
The current construction site is a very dynamic and volatile environment. There is often a need to adapt to 
unforeseen circumstances that are likely to occur during the construction works. Such challenges are an integral part 
of concrete works. Although it is usually recommended to construct members in one concrete work cycle, the 
contractor is often limited by: 
x human resources, e.g. the lack of a sufficient number of concrete placer brigades, 
x time limitations, 
x technical limitation, such as: the amount of available formwork, the ability to supply an appropriate concrete mix, 
etc. 
Therefore, a need often occurs to construct concrete members in two or more stages. While in the case of 
conventional concretes one can find numerous guidelines about where to locate and how to construct construction 
joints (fig. 1-2) [1,3,4,5,6,7,8], no such information is available for HPC concrete. 
 
 
Fig. 1. Working joint using streckmax shuttering [9]. 
 
Fig. 2. Installation of the internal sealing tape together with construction of the foundation threshold [9]. 
The aim of this paper was therefore to determine the impact that construction joints have on the properties of HPC 
beam members. The work includes a detailed analysis of the ultimate limit and serviceability limit states (deflection 
and cracking) for the tested beams. 
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2. Test plan 
The examination of the impact of the construction joints on the properties of HPC members were performed on 
full-size reinforced concrete beam members measuring 0.2×0.3×3.5 m (fig. 3) made of a concrete mix with the 
composition shown in table 1. Reference beam BP1 was constructed during one concrete work cycle. Beams BP2-BP5 
were constructed in two rounds with a 7-day interval between the concrete works. Beams BP2 and BP3 were initially 
cast up to 2/3 of their heights and the surface of beam BP3 was hammered out and cleaned with a wire brush. The 
surface of beam BP2 did not go through any preparation for the subsequent casting. Beams BP4 and BP5 were 
characterised by a diagonal construction joint that differed in the height of the initial casting. In both the cases, the 
surfaces were hammered out and cleaned with a wire brush prior to the subsequent concreting. 
        Table 1. Concrete mix composition. 
Ingredients kg/m3 
Cement CEM I 42,5R 500 
Water 155 
Sand 
Coarse aggregate: diabase 
Silica dust 
Superplasticiser 
650 
1150 
18 
3.5 
a) 
 
b) 
 
Fig. 3. a) test beam reinforcement, b) load system. 
The beams were loaded with two concentrated forces at the distance of 1.0 m from the axis of the articulated 
supports, with one of them being of roller type. Equal segments of the occurrence of pure bending and the simultaneous 
action of the transverse force VEd and the bending moment MEd were adopted. The following levels of the load 
transferred on the beam were adopted: 15, 30, 60, 90, 120 i 150 kN, but the load values were also read in real time for 
values where appearance of the first perpendicular and diagonal cracks and the failure of the beam were recorded. No 
beam unloading and re-loading cycles were applied, which meant that they were subjected to an immediate monotonic 
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load despite step-based application of the load increasing from zero to the failure. This way of conducting the test 
differs from the real-world operating conditions of a structure, which had an impact on the cracking analysis. 
 
 
Fig. 4. Construction joints in the tested beams. 
3. Results and Discussions 
3.1. Ultimate limit state analysis 
Table 2 presents sample-defined strength parameters of the concrete used in the analysed beams. 
 Table 2. Concrete strength parameters. 
Average cube 
compressive strength 
fcm,cube    [MPa] 
Average cylinder 
compressive 
strength 
fcm   [MPa] 
Average tensile 
strength 
fctm,sp   [MPa] 
Average value of the 
modulus of elasticity 
Ecm  [MPa] 
74.4 62.2 4.12 36754.5 
Based on the obtained results, it can be concluded that the tested concrete was class C60/75. The ultimate load state 
analysis for the tested beams was compared to the experimentally determined load values of resistance to bending 
(MRd) and resistance to shear of a member without transverse reinforcement as the force at which the first diagonal 
cracks appeared (VRd,c). The obtained results are summarized in table 3. 
  Table 3. Beam load capacity test results. 
 Beam No. 
 BP1 BP2 BP3 BP4 BP5 
MRd [kNm] 
VRd,c [kN] 
150.00 
84.50 
116.00 
69.14 
134.00 
81.64 
123.00 
72.62 
138.00 
82.00 
The tests indicate that all the beams with a construction joint were characterised by lower resistance to bending and 
shear compared to the reference beam BP1. The largest decrease in the resistance was recorded for beam BP2 and the 
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lowest – for BP5. This results directly from the location of the joint and the method in which the surface of the beam 
was prepared prior to the second part of the concrete works. In the case of beam BP2, the decrease in the resistance to 
bending was approx. 23% and the decrease in the resistance to shear – approx. 18%. In the case of beam BP5, the 
decrease in the resistance to bending was approx. 8% and the decrease in the resistance to shear was negligible. It 
should be noted, however, that all the analysed beams meet the ULS requirements defined on the basis of EN 1992-1-
1:2004 [2]. 
3.2. SLS analysis - deflections 
The analysis of the serviceability limit state for deflections consisted in a comparison of values measured with the 
permissible value for reinforced concrete beams determined in accordance with EN 1992-1-1:2004, which was 
6.0 mm. The results obtained for different load levels are shown in table 4 
 
Table 4. Beam deflection test results. 
 
Beam No. 
Total deflection at a given load [mm] 
P = 5 [kN] P = 15 [kN] P = 30 [kN] P = 60 [kN] P = 90 [kN] P = 120 [kN] 
BP1 
BP2 
BP3 
BP4 
BP5 
0.24 
0.38 
0.81 
0.31 
0.25 
0.72 
1.55 
1.24 
1.49 
0.99 
1.91 
4.14 
3.75 
3.91 
3.49 
3.94 
8.15 
8.06 
8.80 
5.95 
5.13 
12.65 
12.12 
13.75 
9.28 
10.03 
18.19 
17.14 
20.23 
13.78 
The table shows that the deflection value was exceeded for beams BP2, BP3 and BP4 at the load of P = 60 kN. For 
beam BP5, the deflection value was exceeded at the load level of 90 kN.  
The deflection was exceeded the latest in the reference beam BP1, i.e. the one without a construction joint. Having 
analysed the results, it can be concluded that the use of construction joints has a significant impact on the overall 
deflection of the member. Proper use of a construction joint (beam BP5) makes a small difference compared to the 
reference beam. The other beams, though, caused a significant increase in the total deflection value, which resulted 
from a different stiffness of these beams compared to the reference beam. 
3.3. SLS analysis - cracks 
The parameter that is critical to whether the serviceability limit state is met or not is the maximum crack width. 
One should bear in mind that according to EN 1992-1-1:2004 the serviceability limit state analysis should be carried 
out for quasi permanent load combinations, which in the case of the tested beams corresponded to the load of P = 90 
kN. The results of the maximum crack width recorded at different heights in the analysed beams are shown in table 5. 
        Table 5. Results of the maximum crack width in beams. 
 Crack width [mm] 
Beam height BP1 BP2 BP3 BP4 BP5 
h = 27.5 [cm] 
h = 22.5 [cm] 
h = 17.5 [cm] 
h = 12.5 [cm] 
h = 7.5 [cm] 
h = 2.5 [cm] 
0.00 
0.00 
0.10 
0.20 
0.20 
0.30 
0.00 
0.10 
0.80 
2.00 
2.00 
3.00 
0.05 
0.15 
0.15 
0.20 
0.30 
0.35 
0.00 
0.10 
0.50 
0.60 
0.60 
1.30 
0.00 
0.10 
0.10 
0.20 
0.30 
0.30 
Similarly to the deflections, one can conclude that the use of a construction joint has a significant impact on the 
maximum cracks on the beam members. Proper use of a construction joint (beam BP5) makes a small difference 
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compared to the reference beam. The other versions, though, caused a significant increase in the crack width, as shown 
in fig. 5 showing the crack morphology in sample beams BP2 and BP5 for load P = 90 kN. 
 
 
Fig. 5. Crack morphology in sample beams BP2 and BP5 for load P = 90 kN. 
4. Conclusions 
Each of the tested beams met the ULS requirements for its cross-section. However, the failure occurred at different 
load values. It was noted that the beams with the construction joint made in accordance with the instructions contained 
in the literature carried a greater load. Thus it can be concluded that the construction joints in the beams did not have 
a significant impact on the carrying capacity of the members. 
Proper location and construction of the construction joints has a great influence on the deflection properties of 
beam members and their cracks. If there is a need to use construction joint in concrete works and the project does not 
include information on their location, one should select a location that is the least likely to develop high stresses. One 
must ensure that the contact surface of the two concrete batches is prepared correctly, i.e. by hammering out the 2-3 
cm layer, manually removing the protruding grains of coarse aggregate, wiping with a wire brush, rinsing the 
remaining crumbs with water or blowing them with a compressor.  
The use of appropriate construction joint variant (BP5) has a significant impact on the properties of HPC beam 
members. Construction of the joint in accordance with the best construction practices makes it possible to obtain 
members that are full value from a technical point of view and do not differ significantly from those made as part of 
single concrete work cycle. 
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